This paper applies the gravity trade model to assess Mercosur-European Union trade, and trade potential following the agreements reached recently between both trade blocs. The model is tested for a sample of 20 countries, the four formal members of Mercosur plus Chile and the fifteen members of the European Union. A panel data analysis is used to disentangle the time invariant country-specific effects and to capture the relationships between the relevant variables over time. We find that the fixed effect model is to be preferred to the random effects gravity model. Furthermore, a number of variables, namely, infrastructure, income differences and exchange rates added to the standard gravity equation, are found to be important determinants of bilateral trade flows. JEL classification codes: F14, F15
Hence, the specific aim of this paper is to apply a gravity model to annual bilateral exports between 20 countries: Mercosur + Chile and the 15 current members of the EU and to study the determinants of Mercosur-European Union trade flows and the trade potentials between the two blocs.
There are two novelties in our approach. First, to our knowledge this is the first attempt to investigate the role that infrastructure variables, per capita income differences and exchanged rates play as explaining bilateral trade flows in a panel data framework.
Only a few recent papers added infrastructure to the gravity equation but they used more limited methodologies. For example, Limao and Venables (1999) used cross-section analysis over one year, Garman, Petersen and Gilliard (1998) used cross-section analysis over various years and Bougheas et al. (1999) averaged the data over time and then applied seemingly unrelated regression analysis estimation. Squared differences in per capita income are the variable introduced to identify a possible Linder effect (Arnon, Spivak and Weinblatt, 1996) . Since we are analyzing a North-South integration process, this variable might be of significant importance. Berstrand (1985 Berstrand ( , 1989 first introduced real exchange rates in the gravity model. However, as Soloaga and Winters (1999) pointed out, the incorporation of price effects in a cross-section analysis does not give any information of whether a currency is over or under-valued. Only when the time dimension is considered in the analysis, exchange rate movements become relevant. Soloaga and Winters (1999) also incorporated real exchange rate variables into the gravity equation.
They averaged their variables over several three-year periods and obtained
Tobit estimates on single regressions. The use of panel data methodology in the empirical application cast some doubts on the usual interpretation of integration dummies when pooling time series or cross-section analysis is the methodology applied. A two step estimation procedure is employed here in order to exploit the richness of the data and to estimate time invariant parameters and dummy coefficients in a fixed effect model.
The second novelty is the application of the gravity model to estimate trade flows between two economic blocs, EU and Mercosur, which are of special interest in world trade.
Section II presents a brief overview of Mercosur-EU trade relations. In Section III, we review the literature on gravity models of international trade.
In Section IV, the empirical analysis and results are shown. Section V evaluates results and prediction performance of our model. Finally, Section VI concludes. Mercosur has surely a shorter history than the EU and therefore a more uncertain future. Argentina, Brazil, Paraguay and Uruguay signed the Mercosur agreement in 1991 and it went into effect in 1995 becoming a Customs Union.
Following the entry into force of the Common External Tariff on January 1, 1995, the Mercosur countries will maintain a common commercial policy.
Mercosur also signed a free-trade agreement with Chile in 1991.
There is a shared consensus that since its inception Mercosur outperformed expectations. This is revealed in part by rapidly growing trade and investment flows. In fact, between 1991 and 1997, intra-Mercosur exports rose at a rate that trebled the growth of exports to the rest of the world. Nevertheless, if imports are taken as the indicator, the gap between the growth rates of intra and extra-regional trade flows is remarkably lower. This indicates no evidence of significant trade diversion. There have been several attempts to measure the effects on trade flows of the formation of Mercosur (Yeats, 1998; Diao and Somwaru, 2000) , most of them refer to aggregated trade flows and predict small net welfare gains for the country members.
Since its creation Mercosur has faced an extremely demanding agenda of extra-regional trade negotiations. It is considered as an emerging market offering good investment opportunities, with a population over two hundred millions of inhabitants (it represents half of the population of Latin America and Caribbean altogether). Mercosur has probably more to gain by joining the EU in a FTA rather than negotiating with North America, since Mercosur member countries already have free access to the North American market.
An FTA with the EU will improve access to that market (Panagariya, 1996) .
III. The Gravity Equation
Tinbergen (1962) and Pöyhönen (1963) Theoretical support of the research in this field was originally very poor, but since the second half of the 1970s several theoretical developments have appeared in support of the gravity model. Anderson (1979) made the first formal attempt to derive the gravity equation from a model that assumed product differentiation. Bergstrand (1985 Bergstrand ( , 1989 ) also explored the theoretical determination of bilateral trade in a series of papers in which gravity equations were associated with simple monopolistic competition models. Helpman and Krugman (1985) used a differentiated product framework with increasing returns to scale to justify the gravity model. More recently Deardorff (1995) has proven that the gravity equation characterizes many models and can be justified from standard trade theories. Finally, Anderson and Wincoop (2001) derived an operational gravity model based on the manipulation of the CES expenditure system that can be easily estimated and helps to solve the so-called border puzzle. The differences in these theories help to explain the various specifications and some diversity in the results of the empirical applications.
There is a huge number of empirical applications in the literature of international trade, which have contributed to the improvement of performance of the gravity equation. Some of them are closer related to our work. First, in recent papers, Mátyás (1997) and (1998), Chen and Wall (1999) , Breuss and Egger (1999) and Egger (2000) improved the econometric specification of the gravity equation. Second, Berstrand (1985) , Helpman (1987 ), Wei, (1996 , Soloaga and Winters (1999) , Limao and Venables (1999) level, respectively. F (n-1, nT-n-K) degrees of freedom in brackets. Where K is the number of variables in the regression, n is the number of trading pairs and T is the number of time periods. The number of observations equals (n x T) = 3,028. The between estimates exploit the between dimension of the data (differences between individuals), but ignore any information within individuals. It is usually presented as an alternative to estimate long-run coefficients. As we can observe in Table 2 , the coefficient estimates for the standard gravity model are very similar to those obtained by pooling the data (first column of Table   1 ). The same appears to be true looking at the augmented gravity model (second column of table 2). Nevertheless, we notice that the coefficients on exporter and importer infrastructure variables present the wrong sign, the former is not statistically significant but the latter is.
B. Fixed Effects and Random Effects Models
Tables 3 and 4 report respectively estimation results for the basic and augmented versions of the FEM and REM. The estimates of the country-pair individual effects are omitted for space considerations. In order to discriminate between the two models we test for the null hypothesis that the explanatory variables and the individual effects are uncorrelated using a Hausman test.
The fixed effects estimates are consistent under both the null and alternative hypothesis whereas the random effects estimates are only consistent and efficient under the null hypothesis. Therefore REM will be preferred if the null hypothesis hold, otherwise FEM will be preferred. Table 3 shows results for the test. The rejection of the null leads us to select fixed effects estimates since random effects estimates are inconsistent.
Comparing our results of the pooled and fixed effects models, allowing for country-pair effects, as in FEM, slightly lowers the estimated income elasticities of trade, greatly rises the absolute value of population coefficients and more important, for the infrastructure variables, own infrastructure becomes statistically significant and has the correct sign, foreign infrastructure has the wrong sign. The variable ydif (squared per capita income differential) presents a positive signed coefficient, which is also significant. However, there might be a problem 2 We will see later that when the model is estimated with time effects the coefficient of importer infrastructure becomes statistically non-significant. of multicollinearity. Another possible explanation for the positive sign is that higher differences in per capita income, a proxy for differences in factor endowments, have a positive effect on exports. Finally, the integration dummy for EU countries increases in magnitude whereas the one for Mercosur membership decreases. Both present the expected positive sign. level, respectively. The number of observations equals (n x T) = 3,028.
C. Two Ways Fixed Effects Model Adding Cross-Section Weights
A further refinement in our model consists in adding time dummies to the former explanatory variables. We might offer several interpretations for these time-specific parameters. They could be interpreted as a proxy for EU-Mercosur integration (globalization), but they also could be showing the effects of business cycle phenomena. Since additional interpretations could be convincing, we would like to emphasize that these time-dummies will pick up the effects of any variables affecting bilateral exports that vary over time, are constant across trading-pairs and have not been included in the list of explanatory variables. Results are shown in the first column of Table 5 . We conducted a Wald test to check for the significance of time effects. We could not accept the null of insignificant time dummies.
Since we suspect that cross-section heteroskedasticity may be present,
given the importance of the cross-section dimension of our data (n = 342), we estimate the same specification, but each pool equation is now downweighted by an estimate of the cross-section residual standard deviation. The second column of Table 5 reports the estimates of the two ways fixed effects model with cross-section weights. We obtain similar results, apart from the coefficient of the importer infrastructure variable, which is now positive signed, as the theory predicts, but non-significant.
In column 3 the income difference variable (ydif) is added to test for the existence of a Linder effect. Since we have problems of multicollinearity between the income variables and ydif, we estimated the model without exporter and importer income. The estimated coefficient on the variable ydif has now the expected negative sign and it is statistically significant. According to Linder's trade model, bilateral trade will be greater when the per capita GDPs of the trading countries are more similar. The rest of explanatory variables present very similar estimated coefficients.
Column 4 of Per capita income diff. An alternative specification to the FE model consists in estimating the gravity equation in first differences (with 2,686 observations). This method has the advantage of eliminating the effects of possible autocorrelated disturbances, controlling at the same time for heterogeneity. Results 3 for the model in first differences and model 7 are very similar in order of magnitude and sign of the coefficients. Table 6 reports the results obtained when the fixed effects from models 4, 5 y 7 are regressed on the distance variable and dummies which are fixed over time (common language and adjacency). According to our findings, only distance is statistically significant, whereas language and adjacency dummies present the correct sign but they are not significant. We obtain a very low R 2 coefficient, which means that there are other determinants of the trading-pair effects, different from the ones traditionally included in the analysis, which 3 These results are not reported here (available upon requests). should be investigated. Our results are similar to those obtained by Chen and Wall (1999) . The coefficient estimate for the distance variable is around 1%, slightly higher than the one obtained in the pooled and between regressions (Tables 1 and 2 ) and very similar to the one obtained in the REM (Table 4) .
D. Dynamic Panel
Finally, considering that, trade relations once established might last for a long time, we estimated equation (5) in dynamic form. Results are shown in Table 7 .
Lagged exports and lagged exchanged rates were added to the list of explanatory variables. The estimated parameter for lagged exports is statistically significant and with the expected positive sign. Additionally, we confirm that exchanged rates affect exports with one lag, since the correspondent estimated parameter is also significant. The short run coefficients of the variables are lower than the long run coefficients and the latter are similar to those obtained before with the signs remaining unchanged.
We confirm that a 1% change in domestic/foreign income rises exports by 1% and a 10% change in the real exchange rate fosters exports by 2.6%.
V. Results' Evaluation: Estimates of Potential Trade
We use the coefficients obtained from the gravity equations to calculate potential exports. Estimated coefficients from model 7 presented in Table 5 (two ways fixed effects model with cross-section weights) served as the basis for the calculation. According to our approach estimated exports equal potential exports. Table 8 reports our estimates for potential exports of each of the Mercosur countries to the EU for every year in our sample.
The potential for Mercosur exports exceeds the actual export value in 1996 for each single country. This means that the actual level of exports is below those that normal trade relations would support. However if we look at previous years, Uruguay and Paraguay results show a common picture, for these countries export potentials are higher than actual exports since 1994 and the difference has increased over time to a wide extent. The same seems to apply for Chile since 1992, apart from the results for 1995, where actual exports exceeded potential exports. As far as Argentina and Brazil are concerned, the evolution through time presents a mixed picture. Export potentials only exceeded actual exports in 1988-89, 1992-1993 and 1996 . 1988 3,772,866 12,884,104 2,614,865 320,880 428,689 20,021,404 1989 4,021,197 12,060,940 2,811,569 357,014 451,760 19,702,480 1990 4,139,057 14,095,231 3,385,708 396,599 549,220 22,565,814 1991 3,992,203 10,166,112 3,269,409 320,363 534,759 18,282,846 1992 4,345,984 13,221,531 3,556,979 321,461 542,639 21,988,594 1993 3,900,643 11,162,124 3,150,351 268,193 472,845 18,954,156 1994 4,380,546 11,792,375 3,328 We also calculate intra-Mercosur trade potential in base on our estimates.
Results are shown in Table 9 . We observe that for all five countries (Mercosur current members plus Chile) export potentials seem to have been fully exploited before 1993. Total intra-Mercosur exports are bigger than our estimates since 1993 onwards.
VI. Conclusions
The We investigated the role that infrastructure variables, income differences and exchange rates play as explaining bilateral trade flows in a panel data framework. This framework, which allowed for trading-pair heterogeneity, was shown to be statistically superior to the standard model. Our findings support the hypothesis of the importance of these variables since they are all statistically significant and present the expected sign, apart from the importer infrastructure variable that is not significant. Our results concerning infrastructure might have some important implications for economic policy.
Viewing infrastructure as a international public good rises the question of how the cost of infrastructure should be shared between trading partners. For
Mercosur-EU trade it seems that only exporter infrastructure fosters trade, therefore investing to improve the trading-partner infrastructure appears not to have spill-over benefits for the investor.
When testing intra-bloc trade effects, both preferential dummy variables present a positive sign and are statistically significant, suggesting that belonging to one of the two preferential arrangements fosters trade. However, since in our study we are not considering the difference between trade creation and trade diversion (Endoh, 2000) , these results have to be taken with caution. -GDP.
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